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(54) RADAR EQUIPMENT FOR AUTOMOBILE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To improve the measuring 
accuracy and reliability of radar equipment for an automobile 



under such a condition that a plurality of targets, etc., exist. 
SOLUTION: Reflected waves from a target are received by 
two reception antennas 16a and 16b for left- and right 
channels. A signal processor 20 performs frequency analysis 
on the received waves of the left and right channels. An 
azimuth computing section 26 decides the azimuth to the 
target by a phase monopulse method by using a pair of peaks 
at which the frequencies are coincident with each other in 
the left and right channels. A pairing section 28 pairs the 
peaks in the rise and fall phase periods of the FMCW method 
with each other. The pairing section 28 constitutes a peak 
pair by selecting the peaks to which the same azimuth is 
given by means of the azimuth computing section 26 out of 
many existing peaks. A distance and speed computing section 




30 decides the distance to and speed of the target based on 
the FMCW method by using the peak pair decided by means 
of the pairing section 28. 
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[Title of the invention] 
Radar Device for Automobile 

[Abstract] 

[Problem to be solved] 

To improve the measuring accuracy and reliability of radar device for an automobile 
under such a condition that a plurality of targets, etc., exist. 
[Solution] 

Reflected waves from a target are received by two receiving antennas 16a and 16b for 
left- and right channels. A signal processor 20 performs frequency analysis on the 
received waves of the left and right channels. An azimuth direction computing unit 26 
determines the azimuth direction to the target by a phase monopulse method by using a 
pair of peaks at which the frequencies are coincident=with each other in the left and right 
channels. A pairing unit 28 pairs the peaks in the rising and falling phase periods of the 
FMCW method with each other. The pairing unit 28 constitutes a peak pair by selecting 
the peaks to which the same azimuth direction is given by the azimuth direction 
computing imit 26 out of many existing peaks. A distance and speed computing unit 30 
determines the distance to and speed of the target based on the FMCW method by using 
the peak pair determined by the pairing unit28. 
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[What is claimed is] 

1 . A radar for automobile characterized by having: 

a transmitting unit for transmitting a frequency-modulated transmitting wave having 

an rising phase period where a frequency increases and a falling phase period where a 

frequency decreases, 

a receiving unit with a plurality of channels for receiving a reflected wave, 

an analyzing unit for performing frequency analysis of a received wave of each 

channel to seek a peak of echo corresponding to a target and a phase information of the 

echo, 

an azimuth direction computing unit for seeking a pair of peaks having a frequency 
corresponding to each other between the plurality of channels and obtaining an azimuth 
direction based on a phase difference between the pair of peaks, and 

a distance and speed computing unit for seeking a pair of peaks, each peak of the pair 
is found in rising phase period and falling phase period respectively, based on the 
azimuth direction obtained by the azimuth direction computing unit and obtaining a 
relative speed of and relative distance to the target based on a frequency of the pair of 
peaks. 

2. The radar for automobile according to claim 1, characterized by further comprising an 
integration processing unit for obtaining a tracking information made of an azimuth 
direction, a relative speed and a relative distance through the azimuth direction 
computing unit and the distance/speed computing unit, wherein the transmitting unit 
transmits a directional beam in different directions from each other by switching the 
direction, and the integration processing unit, when the tracking information of each of 
the different directional beams matches with each other within a predetermined extent, 
determines the tracking information of a single target by performing a predetermined 
averaging process on the plurality of the tracking information. 

3. The radar for automobile according to claim 2, wherein the averaging process is 
performed using a weighted average based on a degree of matching between a direction 
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of the directional beam and the azimuth direction detected by the azimuth direction 
computing unit with respect to the directional beam. 

[Detailed description of the invention] 
[0001] 

[Technical field of the invention] 

The present invention relates to a tracking radar device for watching a behavior of target 
using a tracking filter by detecting a relative speed and distance to the target based on a 
pair of echoes in rising phase period and falling phase period in frequency modulation. 
[0002] 

[Conventional technology] 

A variety of radars have been used for detecting relative positions and/or relative speed 
between self-vehicle and the target such as a preceding vehicle. 

For example, a radar device of FMCW(frequency modulation continuous wave) method 
for detecting a distance or relative speed to the target, and a radar device of phase 
monopulse method for detecting a direction of the target based on the data of phase 
difference of signals received by a plurality of receiving antennas are known. 
[0003] 

[Phase monopulse radar] 

In phase monopulse radar, a radio wave is radiated from a single transmitting antenna 
and a reflected wave from a target is received by a plurality of receiving antennas. As 
each of the plurality of antennas is differently positioned in space from each other, a 
phase of reflected wave received by one antenna is different from that received by 
another antenna. The direction of the target can be detected by detecting the phase 
difference. This phase monopulse radar has an advantage that the direction can be 
detected basically without mechanically moving both transmitting antenna and receiving 
antenna. 
[0004] 
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With reference to FIG.l, distances Rl and R2 between a target and antenna 1 and antenna 
2 respectively are represented as follows, where a distance to the target is RO, a space 
between two receiving antennas is L and a direction of the target is 9. 
[Expression 1] Rl = RO + (L/2) sin 8 
R2 = RO - (L/2) sin 9 

A phase difference Acp between received signals (wavelength: X) by two receiving 
antennas is represented as follows. 
[Expression 2] A9 = (L/ X) sin 9 

Consequently, a direction of the target 9 is represented as follows. 

[Expression 3] 9 = sin"'{ Acp (^L) } 

Thus, a direction of the target can be obtained from the phase difference of the received 

signals. 

[0005] 

[FMCW radar] 

FMCW radar is one for detecting a distance to and a speed of a target using continuous 
wave. A combination use of FMCW radar and phase monopulse radar make it possible 
to obtain the distance, speed and direction of the target. 
[0006] 

FMCW radar uses frequency modulated continuous wave as a transmitting signal. 
FIG.2 shows the principle of detecting a relative speed and distance by FMCW radar. For 
example, a transmitting wave is frequency-modulated using a triangular wave, which 
repeats increase/decrease of frequency of the transmitting wave in turn. When this 
transmitting wave is radiated from the radar, reflected by the target and received, 
relationship of frequency between the transmitting wave and the receiving wave is as 
shovm in FIG.2 , upper part, assuming that a relative speed to the target is zero. And by 
detecting (demodulating) the received wave by using a reference wave (the transmitting 
wave), a beat signal (FIG.2, lower part), having a component of frequency difference 
between the transmitting wave frequency and received wave frequency, is obtained. 
[0007] 

Transmission delay time t is a time from transmitting a wave to receiving the wave. 
When R represents a distance to a target and c represents the speed of light, x is expressed 
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as T = 2R/c. Further when fm represents a repeating frequency of FM (frequency of the 
triangular wave in FIG.2 ), Af represents a deviation width of frequency of FM (variation 
width of frequency of the reference wave), a beat frequency fr is expressed as in the 
following expression 4. 
[Expression 4] fr = 4R-fm- Af/c 

Consequently, the relative distance R can be determined when the beat frequency fr is 

given based on the beat signal. 

[0008] 

Relationship of frequency between the transmitting wave and the receiving wave is as 
shown in FIG.S 3, upper part, assuming that the relative speed to the target is non-zero. 
When the target has some relative speed to the radar, a frequency of the received wave is 
to be shifted up or down by Doppler frequency fd. FIG.3, lower part shows the beat 
signal. This beat signal has a frequency of fr (beat frequency obtained when the relative 
speed is zero) + fd (Doppler frequency) in rising phase period where a frequency of 
transmitting wave is increasing and the beat signal has a frequency of fr (beat frequency 
obtained when the relative speed is zero) - fd (Doppler frequency) in falling phase 
period where a frequency of transmitting wave is decreasing. Consequently the Doppler 
shift can be obtained based on the frequency of beat signal in rising phase period and 
falling phase period, which make it possible to obtain the relative speed of the target. 
[0009] 

That is, a beat signal frequency fbu in rising phase period and a beat signal frequency fbd 
in falling phase period are expressed as follows. 
[Expression 5] fbu = fr + fd 

fbd = fr - fd 

The frequencies fbu and fbd can be determined based on the beat signals respectively, 
then the beat frequency fr indicating the relative distance and the Doppler frequency fd 
indicating the relative speed can be obtained. 

[0010] 

[Problem to be solved] 
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In an ideal situation where only a single target exists, the phase monopulse type radar 
can accurately detect the direction of target and the FMCW type radar can accurately 
detect the speed of and distance to the target. Therefore combination use of the both 
types of radar can accurately determine the direction, distance and speed in such a simple 
situation. 
[0011] 

In the situation where Radar Device for Automobile is used, however, a variety of 
objects (such as a plurality of preceding cars as target and a tree and/or a guard rail other 
than target) produce an overlapped reflected wave reflected therefrom, which is to be 
received. As described above, in use of FMCW type, correct distance and speed cannot 
be detected unless the spectrum of received signal has two separate peaks and they are 
correctly combined when the target has relative speed. It is difficult to determine a 
correct combination (pairing) when there are many peaks of received signal spectrum 
because of reflected waves from a variety of objects. Also in use of phase monopulse 
type, if the pairing is performed well in the case where each of a plurality of targets has 
different distance or speed from each other, direction of target can be detected. In the 
case where there are a plurality of targets which have distance and speed similar to each 
other, for example, in the case where a plurality of cars run side by side on the road with 
a plurality of lanes, it is basically difficult to detect the direction. Therefore mere 
combination use of these two types does not realize detection of accurate direction, 
distance and speed. 
[0012] 

The present invention has been conceived based on consideration of the above problem. 
An object of the present invention is therefore to provide a radar device for automobile 
which is capable of measuring direction, relative distance and relative speed with high 
reliance even in the situation where a combination of reflected waves from a plurality of 
targets and other non-target objects are received by the radar. 
[0013] 

[Means to solve the problem] 

To accomplish the object, first invention is characterized by having; a transmitting unit 
for transmitting a frequency-modulated transmitting wave having an rising phase period 
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where a frequency increases and a falling phase period where a frequency decreases, 
a receiving unit with a plurality of channels for receiving a reflected wave, an analyzing 
unit for performing frequency analysis of a received wave of each channel to seek a peak 
of echo corresponding to a target and a phase information of the echo, an azimuth 
direction computing unit for seeking a pair of peaks having a frequency corresponding to 
each other between the plurality of channels and obtaining an azimuth direction based on 
a phase difference between the pair of peaks, and a distance/ speed computing unit for 
seeking a pair of peaks, each peak of the pair is found in rising phase period and falling 
phase period respectively, based on the azimuth direction obtained by the azimuth 
direction computing unit and obtaining a relative speed of and relative distance to the 
target based on a frequency of the pair of peaks. 
[0014] 

According to the present invention, a receiving unit with a plurality of channels is 
prepared to receive a received wave at different positions. Difference in Doppler shift 
amount caused by the different receiving positions is a little since distance to the target is 
great compared to the space between the receiving positions. Therefore a position of the 
peak of reflected wave shown in the received signal spectrum resulting from frequency 
analysis of received signal, i.e., difference between frequencies in the plurality of 
channels is little. In other words, with respect to some target, although phases of the 
received signals are different between the channels, frequency of the peak is basically the 
same. The direction computing unit seeks a pair of peaks of which frequencies seem to 
be the same in each of the plurality of channels and determines each of the pair of peaks 
results from the same target. And a direction of the target causing the pair of peaks is 
sought from a phase difference between echoes corresponding to each of the pair of peaks. 
In the case where a relative speed between the target and this radar device is not zero, 
peak position to the same target in rising phase period is different from that in falling 
phase period. For example, peaks of a plurality of echoes are shown in both rising phase 
period and falling phase period because of a plurality of targets, a distance/speed 
computing unit seeks a pair of peaks, each of which has the same direction obtained by 
the direction computing unit, in both rising phase period and falling phase period, and 
determines each peak of the pair of peaks results from the same target. Then relative 
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speed of and relative distance to the target causing the pair of peaks is obtained from each 
frequency of the pair of peaks based on FMCW method. In the present invention, first 
the direction of target is determined based on the phase monopulse method. Then a pair 
of peaks in rising phase period and falling phase period is determined based on the 
equality of the direction. Consequently a pair of peaks to be used for processing by 
FMCW method can correctly be selected even in the situation where a plurality of targets 
exist, which can provide detection of the direction, relative speed and relative distance 
with high reliance. 
[0015] 

To accomplish the object, second invention is characterized by having; an integration 
processing unit for obtaining a tracking information made of an azimuth direction, a 
relative speed and a relative distance through the azimuth direction computing unit and 
the distance/speed computing unit, wherein the transmitting unit transmits a directional 
beam in different directions from each other by switching the direction, and the 
integration processing unit, when the tracking information of each of the different 
directional beams matches with each other within a predetermined extent, determines the 
tracking information of a single target by performing a predetermined averaging process 
on the plurality of the tracking information. 
[0016] 

According to the present invention, the transmitting unit transmits a directional beam 
while switching a direction of beam. This allows to explore a space of wide target 
domain by dividing the space. With respect to each directional beam having each specific 
direction, the phase monopulse computing unit and the distance and speed computing 
unit do the same processing as in the first invention above, which make it possible to 
obtain direction, relative speed and relative distance of the target positioned within the 
beam. Here the directioi, the relative speed and relative distance are collectively referred 
to as tracking information. As the directional beam has generally an overlapped portion, 
same target can be detected by the plurality of directional beams. The integration 
processing unit compares each of tracking information and seeks one which is basically 
recognized to match with each other between the directional beams. And predetermined 
averaging process is performed on the tracking information recognized to match. As to 
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the averaging process, a simple average or a average of tracking information weighted 
according to a predetermined method can be used. As a special example of the weighted 
averages, one of a plurality of tracking information having the highest reliability can be 
used. This can improve the accuracy of the tracking information of the target detected by 
a plurality of beams. 
[0017] 

In a preferable embodiment of the present invention, the averaging process is performed 
using a weighted average based on a degree of matching between a direction of the 
directional beam and the azimuth direction detected by the azimuth direction computing 
unit with respect to the directional beam. Generally the closer the azimuth direction of the 
target and the direction of directional beam become, the higher an intensity of the echo 
becomes, which lowers an error of the tracking information. In this embodiment, 
weighting is made according to the intensity of echo, a larger weight is given to a value 
with smaller error, which leads to fair improvement of accuracy of the tracking 
information. 
[0018] 

[Embodiment of the invention] 
[Embodiment 1] 

Preferable embodiment of the invention (hereinafter referred to as "embodiment") 
is described below with reference to the appended figures. 
[0019] 

FIG.4 shows a constitution of radar device for automobile of the embodiment of the 
present invention. The automobile radar device is mounted on a vehicle, and information 
provided by the device is used for driving control to keep a safe inter-vehicle distance. 
The device transmits a transmitting wave with FMCW modulation and receives a 
reflected wave from a target by the left and right channels. The direction of the target is 
obtained from the waves received by the right and left charmels according to the principle 
of the phase monopulse method. Also the distance to and the speed of the target are 
obtained from the received waves in rising phase and in falling phase according to the 
principle of the FMCW method. 
[0020] 



0054-0343PUS1 
Translation of JPl 1-271430 A 

A voltage-controlled oscillator (VCO) 10 functions as a frequency modulator. A control 
unit (not shown) feeds the VCO 10 with a triangular wave in which the voltage increases 
or decreases as time goes. VCO 10 generates a high frequency wave that is frequency- 
modulated by a triangular wave. This high frequency wave is distributed by a distributor 
12 to send one of the distributed waves to a transmitting antenna 14. Thus the high 
frequency wave that is frequency-modulated by a triangular wave is radiated as waves. 
[0021] 

The radio wave radiated from the transmitting antenna 14 is reflected by a target. In the 
figure, two preceding vehicles are shown as targets 1 and 2. reflection signal is received 
by right and left receiving anteimas 16a and 16bo This two receiving antennas 16a and 
16b are spatially arranged at a predetermined interval L. Detectors 18a and 18b are 
connected to these receiving antennas 16a and 16b) 

The high-frequency wave (transmission signal) that was frequency-modulated by the 
triangular wave is supplied from the distributor 12 to these detectors 18a and 18b as 
reference waves. These detectors 18a and 18b detect the received waves based on the 
reference waves, which provides a beat signal having a frequency component 
corresponding to the difference between the transmitting frequency and the received 
frequency, the beat signal is supplied to a signal processor 20. 
[0022] 

In the signal processor 20, a frequency analyzing unit 22a, 22b and a peak detecting unit 
24a, 24b function as analyzing part of this invention. The frequency analyzing unit 22a, 
22b performs frequency analysis to each of beat signals obtained respectively from left- 
channel received signal and right-chaimel received signal to obtain a frequency spectrum. 
Here a complex FFT (fast Fourier transform) is carried out to obtain a complex amplitude 
(voltage) for each frequency bin with an appropriate frequency interval. Subsequent 
process in the signal processor 20 uses bin number as an index corresponding to 
frequency. The peak detecting unit 24a, 24b detects the peaks (frequency bin number 
which has the peak and a complex amplitude of the frequency bin) respectively with 
respect to the left and the right channels of phase monopulse based on the result from the 
frequency analysis. 
[0023] 
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Each of FIGs.5(a) and 5(b) is an example of frequency analysis result of the left-channel 
and the right-channel. In the left channel, peaks ULl and DLl having large amplitude 
are respectively the peaks of target 1 in rising phase period and falling phase period. 
Frequency of the peak in falling phase period is higher than that in rising phase period, 
which indicates target 1 runs relatively slowrer than self-vehicle (coming close to each 
other ). Peaks UL2 and DL2 having small amplitude are respectively the peaks of target 
2 in rising phase period and falling phase period. Frequency of the peak in falling phase 
period is lower than that in rising phase period, which indicates target 2 runs relatively 
faster than self-vehicle (getting away from each other ). Likewise in the right channel, 
peaks URl and DRl are respectively the peaks of target 1 in rising phase period and 
falling phase period. Also peaks UR2 and DR2 are respectively the peaks of target 2 in 
rising phase period and falling phase period. 
[0024] 

In the situation where this device is used in this embodiment, however, a variety of 
objects (such as a plurality of preceding cars as target and a tree and/or a guard rail other 
than target) produce an overlapped reflected wave reflected therefrom, which is to be 
received by the radar. Therefore there are actually many peaks other than peaks shown in 
FIG.5 Peaks in left and right charmels of the same target are selected from many peaks 
mentioned above as follows. 
[0025] 

In FIG.4, since difference between the positions of the receiving antennas 16a and 16b is 
small compared to a distance to the target, azimuth direction from each antenna to the 
target is almost the same as other and relative speed of the target to each antenna is also 
almost the same. Therefore even if the channel is different, the peak frequency 
corresponding to the same target is the same or almost the same. In the azimuth direction 
computing unit 26, peaks having close frequency bin to each other are selected from the 
left and the right channels respectively, and the selected two peaks make a peak pair. 
More specifically, peak pair, where the difference between the frequency bins of the left 
and the right channel is equal to or less than predetermined threshold frequency 
difference, is selected. Hereinafter, peak A and peak B making a pair is represented as 
<A, B>. In the example shown in FIG.5 , peak pairs <UL1, UR1> and <UL2, UR2> are 
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Each of FIGs.5(a) and 5(b) is an example of frequency analysis result of the left-channel 
and the right-channel. In the left channel, peaks ULl and DLl having large amplitude 
are respectively the peaks of target 1 in rising phase period and falling phase period. 
Frequency of the peak in falling phase period is higher than that in rising phase period, 
which indicates target 1 runs relatively slower than self-vehicle (coming close to each 
other ). Peaks UL2 and DL2 having small amplitude are respectively the peaks of target 
2 in rising phase period and falling phase period. Frequency of the peak in falling phase 
period is lower than that in rising phase period, which indicates target 2 runs relatively 
faster than self-vehicle (getting away fi-om each other ). Likewise in the right channel, 
peaks URl and DRl are respectively the peaks of target I in rising phase period and 
falling phase period. Also peaks UR2 and DR2 are respectively the peaks of target 2 in 
rising phase period and falling phase period. 
[0024] 

In the situation where this device is used in this embodiment, however, a variety of 
objects (such as a plurality of preceding cars as target and a tree and/or a guard rail other 
than target) produce an overlapped reflected wave reflected therefrom, which is to be 
received by the radar. Therefore there are actually many peaks other than peaks shown in 
FIG.5 Peaks in left and right channels of the same target are selected from many peaks 
mentioned above as follows. 
[0025] 

In FIG.4, since difference between the positions of the receiving antennas 16a and 16b is 
small compared to a distance to the target, azimuth direction from each antenna to the 
target is almost the same as other and relative speed of the target to each antenna is also 
almost the same. Therefore even if the channel is different, the peak frequency 
corresponding to the same target is the same or almost the same. In the azimuth direction 
computing unit 26, peaks having close frequency bin to each other are selected from the 
left and the right channels respectively, and the selected two peaks make a peak pair. 
More specifically, peak pair, where the difference between the frequency bins of the left 
and the right channel is equal to or less than predetermined threshold frequency 
difference, is selected. Hereinafter, peak A and peak B making a pair is represented as 
<A, B>. In the example shown in FIG.5 , peak pairs <UL1, UR1> and <UL2, UR2> are 
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detected in rising phase period, and <DL1, DR1> and <DL2, DR2> are detected in 

falling phase period. 

[0026] 

The azimuth direction computing unit 26 seeks a phase difference A(p between two peaks 
constituting a pair of peaks based on phase information obtained from a complex FFT 
processing in the frequency analyzing unit22a and 22b, and obtains an azimuth direction 
of the target corresponding to the pair of peaks. That is, as explained using FIG.l, an 
azimuth angle 0 is obtained from the following expression, where A(p is a phase 
difference between two received waves received by two receiving antennas 16a and 16b 
respectively, L is distance between two receiving antennas and X is wave length of radio 
wave. 
[0027] 

[Expression 6] 9= sin" ' { A(p (A, / L } 

A pairing unit 28 makes one peak in rising phase period (or falling phase period) be 
paired with another peak in falling phase period (or rising phase period). That is, the 
pairing unit 28 finds one peak in rising phase period (or falling phase period) and the 
counterpart in falling phase period (or rising phase period) and determines a pair of peaks 
used for distance / speed computing. 
[0028] 

Here the pairing unit 28 seeks a pair of peak pairs where one peak pair is constituted by 
peaks of left and right channel in rising phase period and the other peak pair is constituted 
by peaks of left and right channel in falling phase period and each of a pair of peak pairs 
is recognized to have the same azimuth angle as each other. For example, a pair of peak 
pair, where difference between azimuth directions in rising phase period and falling 
phase period is equal to or less than a predetermined threshold value, is selected. Through 
this process, with respect to an example shown in FIG.5, a pair of peak pair caused by the 
target 1, i.e., <UL1, UR1> and <DL1, DR1> ( or ULl and DLl, peak URl and DRl), 
and a pair of peak pair caused by the target 2, i.e., <UL2, UR2> and <DL2, DR2> ( or 
UL2 and DL2, peak UR2 and DR2), are selected. 
[0029] 
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In this process, it is possible to take an amplitude of the peak into consideration. That is, 
based on the fact that an intensity of echo from the same target does not change a lot 
between rising phase period and falling phase period, a pair of peak pair can be obtained 
by applying the condition that an amplitude difference is equal to or less than a 
predetermined threshold value in addition to the condition that difference in an azimuth 
angle 9 is equal to or less than a predetermined threshold value. Under such condition, 
even if there are many targets and peaks from a plurality of targets exist wdthin a narrow 
azimuth angle, it is possible to distinguish each target from each others based on the 
difference of the amplitude to make a peak in rising phase period and a peak in falling 
phase period be correctly paired. 

[0030] 

A distance/speed computing unit 30 determines relative distance to and speed of the 
target based on the pair of peak pair determined by the pairing unit 28. That is, as 
explained using FIG.2 and FIG.3, the beat signal consists of a component based on the 
delay of received wave according to the distance to the target and a component based on 
the Doppler shift according to the speed of the target. A frequency fbu of beat signal in 
rising phase period and a frequency fbd of beat signal in falling phase period are 
expressed as 

[Expression 7] ftiu = fr + fd; fbd = fr-fd; 

where fr is a beat frequency representing a relative distance and fd is a Doppler frequency 
representing a relative speed. Accordingly, the beat frequency fb and the Doppler 
frequency fd can be obtained from frequency fbu and fbd, which leads to the relative 
distance and the relative speed. In this embodiment, distance and speed are obtained 
based on bin number of a pair of peaks being in rising phase period and falling phase 
period respectively, the pair was determined by the pairing unit 28. The bin number 
corresponds to the frequency of the peak. Also the distance and the speed are obtained 
independently based on each of the waves received respectively by left and right channels. 
Thus highly accurate results of detection can be obtained using both obtaining ways 
above. 
[0031] 
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As described above, in this embodiment, each azimuth direction of a plurality of the 
targets is determined first, then pairing of peaks being in rising phase period and falling 
phase period are performed in reference to the determined azimuth direction. Therefore, 
it is possible to perform a correct pairing of peaks a plurality of which exist in rising 
phase period and falling phase period respectively, which leads to highly reliable 
detection of an azimuth direction, a relative speed and a relative distance. 
[0032] 

The threshold value for the frequency difference and the threshold value for the 
determination of matching azimuth direction are predetermined to appropriate values 
respectively. It is preferable to determine the threshold value for the frequency difference 
based on degree of variation of peak frequency of reflected wave from the same target. 
Similarly, it can be made to set the threshold value for the azimuth direction 
determination based on expected variation of azimuth direction caused by relative 
movement between the target and the detecting device between rising phase period and 
falling phase period. Also for example, the both threshold value can be set to a standard 
degree of variation or a maximum degree of variation. Each of the threshold values can 
also be set based on an experimental resuhs and/or an experience. 
[0033] 

[Embodiment 2] 

The second embodiment of the present invention is described below. FIG. 6 shows a 
constitution of radar for automobile of the embodiment of this invention. Components in 
this embodiment having the counterparts in FIG.4 of constitution of the embodiment 1 
have the same symbols and explanation of the components may be appropriately omitted. 
This embodiment 2 is different from the embodiment 1 in the transmitting unit. This 

device has a plurality of transmitting antennas; 44-1, 44-2, 44-n, and switching device 

46 for switching a feed of transmitting wave from VCOlO to those anteimas 44. A signal 
processor 50 includes integration (consolidated) processing unit 48 for integrating 
computation results with each of a plurality of a directional beam transmitted from the 
plurality of tho se antennas 44 following the distance/speed computing unit 30. 
[0034] 
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The transmitting wave from VCOlO is sequentially fed into each of the transmitting 
antennas 44 via the switching device 46 in a time-division maimer. Each of transmitting 
antermas 44 is arranged so as to have different transmitting beam direction from each 
other, which allows to divide detecting areas to transmit / receive the radio wave with 
respect to each of the divided areas. Division of the detecting areas can be made by 
arranging a plurality of receiving antennas 16 of which directional characteristics are 
different from each other and svdtching the antennas, or by switching anteimas in both 
transmitting antennas and receiving antennas. 
[0035] 

Process of received signal from each of detecting areas switched in a time-division 
maimer is made in the same way as above-mentioned embodiment, and obtained beat 
signal is transferred to the signal processor 50. Steps from the frequency analysis process 
in the signal processor 50 to the process in the distance/speed computing unit 30 is made 
in a same fashion as in the embodiment 1. Consequently with respect to each of detecting 
areas, tracking information of the target in each area (azimuth direction, distance and 
speed) is detected. 
[0036] 

As described above, the tracking information of the target obtained for each of detecting 
areas is input by switching in the integration processing unit 48. Each detecting area by 
each directional beam is set so as to have overlapped area with adjacent detecting area. 
Therefore the same target can be detected in a plurality of detecting areas. The integration 
processing unit 48 can search for the tracking information which matches with each other 
within a predetermined accuracy by comparing the tracking information of targets in the 
detecting areas adjacent to each other. When the tracking information which matches 
with each other are found, it is determined that the tracking information result from the 
same target. 
[0037] 

Determination of whether the information matches with each other can be made, for 
example, based on the fact that the difference in each value of azimuth direction, distance 
and speed from the tracking information between the adjacent detecting areas is not 
greater than a predetermined value set for each of the values respectively. Determination 
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can also be made by using criteria that sum of squares of each of differences in azimuth, 

distance and speed is not greater than a predetermined threshold value. 

[0038] 

A plurality of tracking information determined resulting from the same target are 
integrated into single tracking information by predetermined averaging process. As the 
averaging process, for example, there is a mere averaging as simple one where all 
tracking information detected by each beam are used with equal weighting factor. Also 
there is a weighted averaging where the weighting factor is based on the likelihood of 
each tracking information detected by each beam. Here degree of matching between a 
direction of directional beam axis and the azimuth direction detected by azimuth direction 
computing unit is used as the weighting factor for the weighted averaging. This is 
because generally the closer the direction is to the axis of the beam, the greater an 
intensity of the echo becomes, which can reduce the error. From the similar reason, for 
example, the intensity of beam in the detected azimuth direction can be used as an 
weighting factor. Also, the integration processing unit 48 can select the tracking 
information having the highest reliability or the highest accuracy. This is a special case of 
weighted averaging, which means that the weighting factor of the highest reliability 
tracking information is assumed one and the weighting factor of all other tracking 
information is assumed zero. 
[0039] 

According to this device, even in the case where there are a plurality of targets each of 
which is similar to each other in the distance and speed, those targets can be separately 
detected by using different beams by dividing areas where the radio wave is transmitted 
and received. Also when the same target is detected by a plurality of beams, tracking 
information with high accuracy can be obtained by integrating a plurality of the obtained 
tracking information by applying an appropriate averaging process thereto. 
[0040] 

[Embodiment 3] 

The third embodiment of the present invention is described below. FIG. 7 shows a 
constitution of radar for automobile of the embodiment of this invention. Components in 
this embodiment having the counterparts in FIG.4 and FIG.6 of constitutions of the 
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embodiments 1 and 2 use the same symbols and explanation of the components may be 
appropriately omitted. This embodiment 3 is different from the embodiment 1 in that a 
signal processor 70 has a tracking filter processing unit 72. The tracking filter processing 
unit 72 is installed between the distance/speed computing unit 30 and the integration 
processing unit 48. 
[0041] 

This device has a plurality of antennas 44, as the embodiment 2 has, and measures each 
of detecting areas in a time-division manner to seek tracking information of the target 
existing in each of the areas. In other words, this device has the same steps/processes up 
to the distance/speed computing unit 30 as the device of embodiment 2 has. 
[0042] 

In this device, the tracking filter processing unit 72 performs tracking filter processing on 
the tracking information obtained by the distance/speed computing unit 30. The tracking 
filter processing performed by the tracking filter processing unit 72 is a prediction filter 
process such as Kalman filters process or a- p filter process performed on the azimuth 
direction , distance and speed which are obtained by the steps up to the distance/speed 
computing unit 30. True azimuth direction, distance and speed of the target can be 
estimated through the prediction filter process based on the tracking information in the 
past. This makes it possible to avoid an unfavorable influence brought by an undetectable 
state or a false detection caused by an existence of a plurality of targets and/or other 
objects such as trees and/or guard rails. 
[0043] 

In the integration processing unit 48, for example, when each of the estimated values of 
the target tracking information obtained fi-om a plurality of divided areas matches with 
each other within a predetermined difference, it is determined that those estimated values 
of the target tracking information result from the same target. Also in the integration 
processing unit 48, for example, when the histories of estimated values of the tracking 
information up to the present time are obtained for each of divided areas of beam, and the 
gap between the histories is found not greater than a predetermined value, it can be 
determined that those histories result from the same target. 
[0044] 
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As described above, the integration processing unit 48 determines identity of target 
based on the estimated value or estimated value history and integrates each of estimated 
values of the tracking information of the same target obtained for a plurality of areas into 
single tracking information through the averaging process in the same manner as in the 
embodiment 2. 
[0045] 

In this device, as described above, a prediction filter process is performed on the tracking 
information obtained using the FMCW method and the phase monopulse method, and 
further the process for integrating each of the tracking information obtained by switching 
beams for a plurality of areas is performed, which makes it possible to distinguish a 
plurality of targets which have almost the same distance and the same speed at the time or 
the time period based on the time-line of the tracking information. Also in the real 
situation where there are a plurality of targets and objects other than target such as trees 
and/or guard rails, detection of distance, speed and azimuth direction can be performed 
with high reliability. 
[0046] 

In this device, the tracking filter processing unit 72 is installed before the integration 
processing unit 48, but the tracking filter processing unit 72 can also be installed behind 
the integration processing unit 48. 
[0047] 

The tracking filter processing unit 72 can be used regardless of division of detecting areas 
by beam, for example, can be used for the device of embodiment 1 . 

[Brief description of the drawings] 

FIG. 1 shows a principle of phase monopulse radar. 

FIG.2 shows a principle of FMCW radar. 

FIG. 3 shows a principle of FMCW radar. 

FIG.4 shows a constitution of embodiment 1 of the present invention. 

FIG.5 shows results of frequency analysis of received signals by the left channel and the 

right channel of the device in FIG.4. 

FIG.6 shows a constitution of embodiment 2 of the present invention. 
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FIG.7 shows a constitution of embodiment 3 of the present invention. 
[Symbols] 

10 : voltage-controlled oscillator (VCO) 

14, 44-1, 44-2, 44-n : transmitting antennas 

1 6a, 16b : receiving antennas 

18a, 18b : detectors 

20, 50, 70 : signal processor 

22a, 22b : frequency analysis unit 

24a, 24b : peak detecting unit 

26 : azimuth direction computing unit 

28 : pairing unit 

30 : distance/speed computing unit 
48 : integration processing unit 
72 : tracking filter processing unit 
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